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1
NITROFURFURYL SUBSTITUTED PHENYL
LINKED PIPERIDINO-OXADIAZOLINE
CONJUGATES AS ANTI-TUBERCULAR
AGENTS AND PROCESS FOR THE
PREPARATION THEREOF

FIELD OF THE INVENTION

The present invention relates to the nitrofurfuryl substi-
tuted phenyl linked piperidino-oxadiazolone compounds of
general formula A and a process for the preparation thereof.
The present invention further relates to the pharmaceutically
acceptable salts of nitrofurfuryl substituted phenyl linked
piperidino-oxadiazolone compounds of general formula A
useful as potential anti-tubercular agents

General formula A

X
0 (e}
GGNO_<\ f Wherein
N \R
\ / ¥ \ /

HN-
O,N O

\_/

X=HorF;
R =H, CH;, C;Hs or ——CH,CgHs;

The structural formula of the representative group of nitro-
furfuryl substituted phenyl linked piperidino-oxadiazolone
compounds are given below:

Formula 8a-h

O,N X o
O
(O
/ N/N\R
e}

X=H,F;
R =H, CHz, C;Hs, CHyCeHs;
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-continued
Formula 9a-h

0N
)

/ N%}CH
i N/N

X =H,F;
R= H, CH3, C2H5, CH2C5H5;
Formula 10a-h

O

X =H,F;
R= H, CH3, C2H5, CH2C5H5;

BACKGROUND OF THE INVENTION

Someone in the world is newly infected with tuberculosis
(TB) bacilli every second. Overall one-third of the world’s
population is currently infected with tuberculosis and it has
been estimated that 5-10% of those people are expected to
become sick or infectious at some point in their lifetime. The
major challenges for tuberculosis control are the development
of multidrug-resistant tuberculosis (MDR-TB) strains and
the increasing numbers of immunocompromised individuals
with HIV infections who are highly susceptible to the disease.
No new effective treatments have been developed since the
introduction of Rifampicin in 1971, even though there have
been significant advances in drug development technologies.
Consequently there is an urgent need to develop new, potent,
fast-acting anti-tubercular drugs with low-toxicity profiles
that can be used in conjunction with drugs used to treat HIV
infections.

As a part of investigation of new chemotherapeutic agents
from this laboratory, over the past eight years our research
efforts have been focused towards the intervention of new
scaffolds with good anti-mycobacterial activity and eventu-
ally to develop new anti-tubercular agents that can improve
the current therapeutic regimen as well as effective in the
treatment of MDR-TB (Kamal, A.; Babu, A. H.; Ramana, A.
V.; Sinha, R.; Yadav, J. S.; Arora, S. K. Bioorg. Med. Chem.
Lett. 2005, 15,1923-1926.; Kamal, A.; Reddy, K. S.; Ahmed,
S.K.; Khan, M. N. A_; Sinha, R. K.; Yadav, J. S.; Arora, S. K.
Bioorg. Med Chem. 2006, 14, 650-658.; Kamal, A.; Ahmed,
S.K.;Reddy, K. S.; Khan, M. N. A.; Shetti, R. V.C.R.N.C.;
Siddhardha, B.; Murthy, U. S. N.; Khan, 1. A.; Kumar, M.;
Sharma, S.; Ram, A. B. Bioorg. Med. Chem. Lett. 2007, 17,
5419-5422; Kamal, A.; Azeeza, S.; Malik, M. S.; Faazil, S.
Int. J. of Medical and Biological Frontiers 2010, 16, 535-
568.; Kamal, A.; Shetti, R. V. C.R.N. C.; Azeeza, S.; Ahmed,
S. K.; Swapna, P.; Malla Reddy, A.; Khan, I. A.; Sharma, S.;
Abdullah, S. T.; Eur. J. of Med. Chem. 2010, 45, 4545-4553).

Nitrofuranylamides compounds (11(a-c)) that have been
discovered recently and showed potent anti-tuberculosis
activity (Huedle, J. G.; Budha, N. R.; Carson, E. I.; Qi, J
Scherman, M. S.; Cho, S. H.; McNeil, M. R.; Lenaerts, A. J.;
Franzblau, S. G.; Meibohm, B.; Lee, R. E. I. Antimicro.
Chemother. 2008, 62 1037-1045). Nitrofuranyl amide com-
pounds exhibited good thearapeutic value. They are members
of'an emerging new class of nitroaromatic antibiotics that are
currently being intensively investigated as new anti-tubercu-
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3
losis drugs. (Tangallapally, R. P.; Yendapally, R; Lee, E. R.;
Lenaerts, A. J. M.; and Lee, R. E. J Med. Chem., 2005, 48,
8261-8269); Tangallapally, R, P.; Yendapally, R.; Lee, R. E.;
Hevener, K.; Jones, V. C.; Lenaerts, A. J. M.; McNeil, M. R.;
Wang, Y; Franzblau, S.; Lee, R. E. J. Med. Chem., 2004, 47, 5
5276-5283).

Ozxadiazalone (12(ac)) are a class of compounds compris-
ing anti-tubercular activity and they showed interesting activ-
ity (Mamolo, M. G.; Zampieri, D.; Vio, L.; Fermeglia, m.;
Ferrone, M.; Pricl, S; Scialino, G. and Banfi, E. Bioorg. Med.
Chem., 2005, 13, 3797-3809).

FIG. 1 represents structural formula of the compounds:
N2-(3-fluorophenyl)-5-nitro-2-furamide (11a), N2-(4-py-
ridyl)-5-nitro-2-furamide (11b), N2-[4-(4-benzylpiperidino) 15
phenyl]-5-nitro-2-furamide (11c), 3-[(3-methylpiperidino)
methyl]-5-(4-pyridyl)-2,3-dihydro-1,3,4-oxadiazol-2-one
(12a), 3-[(4-methylpiperazino)methyl]-5-(4-pyridyl)-2,3-di-
hydro-1,3,4-oxadiazol-2-one (12b), 3-[(4-benzylpiperidino)
methyl]-5-(4-pyridyl)-2,3-dihydro-1,3,4-oxadiazol-2-one 5,
(12¢).

10

1la
e}

F
25
O,N O,
\ / NH

11b
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0,N O. —

\/ NH\/N
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O,N o)
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NC>_< R
\ / \N - N\/N

FIG.1

Keeping this aspect in mind, nitrofurfuryl substituted phe- 65
nyl linked piperidino-oxadiazolone compounds were
designed and synthesized.

4

Objectives of the Invention

The main objective of the present invention is to provide
nitrofurfuryl substituted phenyl linked piperidino-oxadiaz-
olone compounds of general formula A useful as anti-tuber-
cular agent.

Another objective of the present invention is to provide
process for the preparation of nitrofurfuryl substituted phenyl
linked piperidino-oxadiazolone compounds of general for-
mula A.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a compound of
general formula A or pharmaceutically acceptable salts
thereof

General formula A

X
C>_<O\KO
G N
< § N\ _N
N7 UNg
o] N
‘Wherein G = OZN\@/( > ON o / or
\ / v \_/
N—"

0N O.

\ /

X =H,F; R =H, CHs, C,Hs, or — CH,C¢Hs.

In one embodiment of the present invention, the chemical
formula of the representative compounds are:
N2-4-[4-(5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-yl)piperi-

dino]phenyl-5-nitro-2-furamide (8a);
N2-4-[4-(4-Methyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-

yDpiperidino|phenyl-5-nitro-2-furamide (8b);
N2-4-[4-(4-Ethyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-yl)
piperidino|phenyl-5-nitro-2-furamide (8c);
N2-4-[4-(4-Benzyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yDpiperidino|phenyl-5-nitro-2-furamide (8d);
N2-3-Fluoro-4-[4-(5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-y1)
piperidino|phenyl-5-nitro-2-furamide (8e);
N2-3-Fluoro-4-[4-(4-methyl-5-0x0-4,5-dihydro-1,3,4-oxa-
diazol-2-yl)piperidino|phenyl-5-nitro-2-furamide (8f);
N2-4-[4-(4-Ethyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-yl)
piperidino]-3-fluorophenyl-5-nitro-2-furamide (8g);
N2-4-[4-(4-Benzyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yDpiperidino|]-3-fluorophenyl-5-nitro-2-furamide (8h);
5-[1-(4-[(E)-1-(5-Nitro-2-furyl)methylidene]aminophenyl)-
4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (9a);
3-Methyl-5-[1-(4-[(E)-1-(5-nitro-2-furyl)methylidene]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (9b);
3-Ethyl-5[1-(4-[(E)-1-(5-nitro-2-furyl)methylidene]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (9c¢);
3-Benzyl-5-[1-(4-[(E)-1-(5-nitro-2-furyl)methylidene]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (9d);
5-[1-(2-Fluoro-4-[(E)-1-(5-nitro-2-furyl)methylidene]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (9e);
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5-[1-(2-Fluoro-4-[(E)-1-(5-nitro-2-furyl)methylidene|ami-
nophenyl)-4-piperidyl]-3-methyl-2,3-dihydro-1,3,4-oxa-
diazol-2-one (91);
3-Ethyl-5-[1-(2-fluoro-4-[(E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-
oxadiazol-2-one (9g);
3-Benzyl-5-[1-(2-fluoro-4-[(E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-
oxadiazol-2-one (9h);
5-[1-(4-[(5-Nitro-2-furyl)methyl]aminophenyl)-4-pip-
eridyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10a);
3-Methyl-5-[1-(4-[ (5-nitro-2-furyl)methyl]aminophenyl)-4-
piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10b);
3-Ethyl-5-[1-(4-[(5-nitro-2-furyl)methyl]aminophenyl)-4-
piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10c);
3-Benzyl-5-[1-(4-[(5-nitro-2-furyl)methylJaminophenyl)-4-
piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10d);
5-[1-(2-Fluoro-4-[(5-nitro-2-furyl)methyl]aminophenyl)-4-
piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10e);
5-[1-(2-Fluoro-4-[(5-nitro-2-furyl)methyl]aminophenyl)-4-
piperidyl]-3-methyl-2,3-dihydro-1,3,4-oxadiazol-2-one
(10);
3-Ethyl-5-[1-(2-fluoro-4-[(5-nitro-2-furyl)methyl]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (10g);
3-Benzyl-5-[1-(2-fluoro-4-[ (5-nitro-2-furyl)methyl]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (10h);
In another embodiment of the present invention, the struc-
tural formula of the representative compounds are

8a

OO~

8b

5 <<

8¢

8d

s~ O)—~(O<XT

0:N

o

0:N

o

0:N

o
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o
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-continued
8e
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-continued

C>_<N/N

e

Sh

10a

10d
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8
-continued
10e
O,N F
2. o 0
/ o \(
HN N
7 \N _NH
10f
F
O,N
O
/ HN
/ N /N
10g
F
O,N
O
/ HN
/ N — N
10h
F
O,N
O
/ HN
P

In still another embodiment of the present invention, the
compounds of the general formula A or pharmaceutically
acceptable salts thereof are useful as anti-tuberculosis agent.

In yet another embodiment of the present invention, the
compounds of the general formula A exhibiting MIC in the
range of 0.5 to 4 (ug/ml), 1 to 8 (ug/ml), 2 to 16 (ug/ml),
against Mycobacterium tuberculosis H3TRv, Mycobacterium
tuberculosis Rif®, Mycobacterium tuberculosis XDR-1
respectively at an exposure period 3-4 days.

In still another embodiment of the present invention pro-
vides a process for the preparation of the compounds of
general formula A or pharmaceutically acceptable salts
thereof, comprising the steps of:

i. heating methyl 4-piperidinecarboxylate (2) with com-
pounds of general formula 1(a-b) in dimethylsulphoxide
and in the presence of base selected from K,CO; or
Na,CO; for aperiod in the range of 8 to 10 h at tempera-
ture ranging between 70 to 80° C. to obtain compound of
general formula 3(a-b)

1(a-b)

0N F

laX=H,1b X=F
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-continued
2
HNC>— COOCH;
2
3(a-b)
X
ZN O NC>7 COOCH3

3aX=H,3bX=F,

il. treating the compounds of general formula 3(a-b) as
obtained in step (i.) with NH,NH,.H,O in solvent
selected from ethanol or 2-propanol under refluxing
temperature ranging between 65 to 70° C. for a period in
the range of 12 to 24 h to obtain hydrazide of general
formula 4(a-b),

X
OZNGNQCONHNHZ

4aX-H,
4 X=F

4(a-b)

iii. adding N,N-dimethylcarbamylchloride to hydrazide
4(a-b) as obtained in step (ii) in pyridine at temperature
ranging between 25 to 27° C. and followed by refluxing
at temperature ranging between 85t0 90° C. for2to 3 h
to obtain the compounds of general formula 5(a-b).

5(a-b)

C>_< i

5aX=H
50 X=F

iv. reacting the compound of general formula 5(a-b) with
halides selected from alkyl halides or benzyl bromide in
N,N-dimethylformamide (DMF) at a temperature rang-
ing between 25° C. to 27° C. for a period in the range of
10 to 12 h or in acetone at refluxing temperature in the
range of 65 to 70° C. for 12 to 24 h to obtain the com-
pounds of general formula 6(a-f).
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10

o o)
NTUNR

X= H, F; R= CH3, C2H5, CH2C5H5;
62X =H, R =CHs;

6bX = H,R = C,Hs;

6c X = H, R = CH,C4Hs;

6d X =F, R = CHj;

6e X =F, R = C>Hs;

6fX = F, R = CH,C4Hs

6(a-9)

0,N

v. reducing the compound of general formula 5(a-b) as

obtained in step (iii) or 6(a-f) as obtained in step iv by
SnCl,.2H,0 or Fe powder and two drops of conc HCl in
methanol at refluxing temperature in the range of 65 to
70° C. foraperiod in the range of 4 to 6 hor Znic in acetic
acid at room temperature (25 to 27° C.) for 4 to Sh to
obtain the compound of general formula 7(a-h).

CHs, ColHs, CHCgHs;

7(a-h)

7c X =H,R =CHs;

7d X =H, R = CH,C¢Hs;
7eX=F,R=H;
7fX=F, R=CHg;

7g X =F,R=CyHs;

7h X =F, R = CH,C¢Hs;

vi. reacting the compound of general formula 7(a-h) with

S-nitro-2-furanoic acid, 1-Ethyl-3-(3-dimethylamino-
propyl)carbodiimide) (EDCI) and Hydroxybenzotriaz-
ole (HOBT) in N,N-dimethylformamide (DMF) at tem-
perature ranging between 25° C. to 27° C. for a period
ranging between 3 to 4 h to obtain compound of general
formula 8 (a-h),

8(a-h)

O,N X o
O
OO
/ N/N\R
@]

X =H, F; R =H, CH;, C,Hs, Bn;

vii. reacting the compound of general formula (7a-h) with

S-nitro-2-furaldehyde in the presence of catalytic
amount of acid selected from CH,COOH or H,SO, in
solvent selected from methanol or ethanol at a tempera-
ture ranging between 0° C. to 5° C. for a period in the
range of 10 to 12 h to obtain the compounds of general
formula 9(a-h),
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9(a-h)

O,N X
2 o 0
N N
Va 4 \N/N\R
X =H, F; R = H, CHz, C,Hs, CH,CgHs;

viii. reducing the compound general formula (9a-h) by
reducing agent selected from sodium cyanoborohy-
dride, or sodium triacetoxyborohydride in the presence
of catalytic amount of CH;COOH in solvent selected
from methanol or ethanol at a temperature ranging
between 0 to 5° C. for a period in the range 0of 10to 12h
to obtain the compounds of general formula (10(a-h).

10(a-h)
X
O,N o
:j O
/ N /N\ R

X= H, F; R= H, CH3, C2H5, CH2C5H5;

ix. purifying the compounds of general formula 8(a-h) to
10(a-h) as obtained in step vi, vii and viii by column
chromatography to obtain the compounds of general
formula A.

In still another embodiment of the present invention, sol-
vent used in the process step (ix) are selected from the group
consisting of ethyl acetate, hexane, chloroform or methanol.

In a further embodiment of the present invention wherein
the pharmaceutically acceptable salt of the compound of gen-
eral formula A is selected form a group consisting of hydro-
chloride, hydrobromide, tartarate, succinate, maleate.

In a still further embodiment of the present invention
wherein the representative pharmaceutically acceptable salt
of the compound of general formula A comprising:
5-(1-(4-(1-((5-nitro-2-furyl)methyl)ammonio)phenyl)-4-pi-

peridyl)-2,3-dihydro-1,3,4-oxadiazol-2-one chloride
3-methyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl)ammonio)

phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-one
chloride
3-ethyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl)Jammonio)phe-
nyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-one
chloride
3-benzyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl )Jammonio)phe-
nyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-one
chloride
5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)ammonio)phe-
nyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-one
chloride
5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)ammonio)phe-
nyl)-4-piperidyl)-3-methyl-2,3-dihydro-1,3,4-oxadiazol-
2-one chloride
3-ethyl-5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)ammo-
nio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-
one chloride
3-benzyl-5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)am-
monio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-
2-one chloride.
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BRIEF DESCRIPTION OF THE DRAWINGS

Scheme 1 represent schematic diagram for the preparation
of compound of general formula 1 wherein reagent and con-
ditions are () DMSO, K,CO,,80° C.; 8 h; (ii) NH,NH, .H,O,
ethanol, reflux, 24 hr; (iii) (CH;),NCOCI, pyridine, 80° C.,
2.5 h; (iv) RBr, DMF, K,CO,, 27° C., 12 h; (v) SnCl,.2H, 0,
MeOH, reflux, 4 h; (vi) 5-nitro 2-furoicacid, EDCI, HOBT,
DMF, 27° C., 2 h; (vii) 5-nitro 2-furaldehyde, CH;COOH
(cat.), MeOH, 0° C., 12 hr; (viii) sodium cyanoborohydride,
CH,COOH (cat.), MeOH, 0° C., 10 hr.

DETAILED DESCRIPTION OF THE INVENTION

Nitrofurfuryl substituted pheny! linked piperidino-oxadia-
zolone compounds have shown promising anti-tubercular
activity. The molecules synthesized are of immense biologi-
cal significance with potential anti-tubercular activity. This
resulted in design and synthesis of new congeners as illus-
trated in Scheme-1, which comprise:

1. Aromatic nucleophilic substitution substituted 4-fluoro

nitrobenzene with methyl 4-piperidinecarboxylate

2. Conversion of ester into their corresponding hydrazides
using NH,NH,.H,O in ethanol at refluxing conditions
for 12 to 24 h.

3. Oxadiazalone ring formation takes place in the presence
of dimethylcarbamyl chloride in pyridine at refluxing
conditions for 2.5 h.

4. Reaction of alkyl halide and benzyl halide with oxadi-
azalone with K,CO; in DMF.

5. Reduction of nitro group of oxadiazolone by
SnCl,.2H,0 in methanol to form amine compound.

6. Coupling reaction between oxadiazolone and 5-nitro2-
furanoic acid

7. Formation of schiff’s base between oxadiazolone and
S-nitro2-furaldehyde.

8. Reduction of schiff’s base with sodium cyanoborohy-
dride

9. Purification by column chromatography using different
solvents like ethyl acetate, hexane, chloroform and
methanol.

EXAMPLES

Following examples are given by way of illustration there-
fore should not be construed to limit the scope of the inven-
tion.

Example 1

N2-4-[4-(5-Ox0-4,5-dihydro-1,3,4-oxadiazol-2-yl)
piperidino|phenyl-5-nitro-2-furamide (8a)

To a stirred solution of 4-fluoro nitrobenzene (1a, 3.1 g, 22
mmol) and methyl 4-piperidine carboxylate (2, 3.15 g, 22
mmol) in DMF solvent and K,CO; (7.6 g, 55 mmol) as base
and heated at 80° C. for 10 h, after completion of the reaction,
reaction is poured into ice water and extracted into ethyl
acetate finally purification by column chromatography to
afford pure compound methyl 1-(4-nitrophenyl)-4-piperidin-
ecarboxy-late (3a, 4.93 g, 85%). To a stirred solution of ester
(3a, 4.75 g, 18 mmol) in ethanol, NH,NH,. H,O (2.25 g, 45
mmol) is added and refluxed for 24 h. After completion of the
reaction ethanol is evaporated under vacuum and water is
added and extracted into ethyl acetate finally purification by
column chromatography to afford pure compound 1-(4-nitro-
phenyl)-4-piperidinecarbohydrazide (4a, 3.99 g, 84%). Addi-
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tion N,N-dimethyl carbamy] chloride (1.29 g, 12 mmol) to
hydrazide (4a, 3.17 g, 12 mmol) in pyridine at room tempera-
ture (27° C.) and followed by reflux at temperature 85° C. for
2.5h. After completion of the reaction, the reaction mixture is
cooled and filtered. The residue is recrystallized from water to
get 5-[1-(4-nitrophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-
oxadiazol-2-one (5a, 1.39 g, 40%). Nitro compound (5a, 1.16
g, 4 mmol) on reduction with SnCl,.2H,0 (2.71 g, 12 mmol)
in methanol and refluxed at 65° C. for 4 h, after completion of
reaction methanol is evaporated under vacuum and to this
saturated sodium bicarbonate solution is added to quench the
excess stannous chloride and filtered through celite bed and
purified in silica column (60-120) to afforded pure compound
5-[1-(4-aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxa-
diazol-2-one (7a, 884 mg, 85%). To a stirred solution of
S-nitro2-furanoic acid (0.16 g, 1 mmol) in DMF add HOBT
(Hydroxybenzotriazole) (0.14 g, 1 mmol), EDCI (1-Ethyl-3-
(3-dimethylaminopropyl) carbodiimide)) (0.19 g, 1 mmol)
and amine compound (7a, 0.26 g, 1 mmol) and stirred for 2 h
at room temperature (27° C.), after completion of the reac-
tion, reaction mixture is poured into ice water and extracted
into chloroform finally purification by column chromatogra-
phy using ethyl acetate-hexane (7:3) as eluant to afford pure
compound N2-4-[4-(5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yDpiperidino]phenyl-5-nitro-2-furamide (8a, 323 mg, 81%).

'"HNMR (CDCl;, 300 MHz): 1.84-1.97 (m, 2H), 2.05-2.13
(m, 2H), 2.67-2.75 (m, 1H), 2.82-2.91 (m, 2H), 3.64-3.69 (m,
2H), 6.92 (d,2H,1=9.06 Hz), 7.34 (d, 1H,J]=3.77Hz), 7.38 (d,
1H, J=3.77 Hz), 7.53 (d, 1H, J=9.06 Hz), 8.23 (bs, 1H); MS
(ESD): m/z (400) (M+1)*.

Example 2

N2-4-[4-(4-methyl-5-0x0-4,5-dihydro-1,3,4-oxadia-
zol-2-yl)piperidino]|phenyl-5-nitro-2-furamide (8b)

5-[1-(4-Nitrophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxa-
diazol-2-one (5a, 1.16 g, 4 mmol) on reacting with CH,I
(0.68g, 4.8 mmol) in DMF in the presence of base K,CO,
(1.38 g, 10 mmol) at 27° C. for 10 h, after completion of the
reaction, reaction mixture is poured into ice water and
extracted into chloroform finally purification by column
chromatography to afford pure compound 3-methyl-5-[1-(4-
nitrophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (6a, 1.10 g, 91%). Nitro compound (6a, 1.21 g, 4 mmol)
on reduction with SnCl,.2H,0 (2.71 g, 12 mmol) in methanol
and refluxed at 65° C. for 4 h, after completion of reaction
methanol is evaporated under vacuum and to this saturated
sodium bicarbonate solution is added to quench the excess
stannous chloride and filtered through celite bed and purified
in silica column (60-120) to afforded pure compound 5-[1-
(4-aminophenyl)-4-piperidyl]-3-methyl-2,3-dihydro-1,3,4-
oxadiazol-2-one (7b, 960 mg, 88%). To a stirred solution of
S-nitro2-furanoic acid in DMF add HOBT (Hydroxybenzot-
riazole) (0.14 g, 1 mmol), EDCI (1-Ethyl-3-(3-dimethy-
lamino propyl)carbodi imide)) (0.19 g, 1 mmol) and amine
compound (7b, 0.27 g, 1 mmol) and stirred for 2 h at room
temperature (27° C.), after completion of the reaction, reac-
tion mixture is poured into ice water and extracted into chlo-
roform finally purification by column chromatography using
ethyl acetate-hexane (7:3) as eluant to afford pure compound
N2-4-[4-(4-methyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yDpiperidino]phenyl-5-nitro-2-furamide (8b, 351 mg, 85%).

'"H NMR (CDCls, 300 MHz): 8 1.84-1.97 (m, 2H), 2.05-
2.13 (m, 2H), 2.67-2.75 (m, 1H), 2.82-2.91 (m, 2H), 3.64-
3.69 (m, 2H), 3.87 (s, 3H), 6.91 (d, 2H, J=9.06 Hz), 7.35 (d,
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1H, 1=3.77 Hz), 7.38 (d, 1H, J=3.77 Hz), 7.50 (d, 1H, ]=9.06
Hz), 8.20 (bs, 1H); MS (ESI): nv/z (414) (M+1)*.

Example 3

N2-4-[4-(4-Ethyl-5-0x0-4,5-dihydro-1,3,4-oxadia-
zol-2-yl)piperidino|phenyl-5-nitro-2-furamide (8c)

5-[1-(4-Nitrophenyl)-4-piperidyl]-2,3-dihydro-1,3.4-oxa-
diazol-2-one (5a, 1.16 g, 4 mmol) on reacting with C,H;Br
(0.53 g, 4.8 mmol) in DMF in the presence of base K,CO;
(1.38 g, 10 mmol) at room temperature (27° C.) for 10 h, after
completion of the reaction, reaction mixture is poured into ice
water and extracted into chloroform finally purification by
column chromatography to afford pure compound 3-ethyl-5-
[1-(4-nitro  phenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadia-
zol-2-one (6b, 1.17 g, 92%). Nitro compound (6b, 1.27 g, 4
mmol) on reduction with SnCl,.2H,0 (2.71 g, 12 mmol) in
methanol and refluxed at 65° C. for 4 h, after completion of
reaction methanol is evaporated under vacuum and to this
saturated sodium bicarbonate solution is added to quench the
excess stannous chloride and filtered through celite bed and
purified in silica column (60-120) to afforded pure compound
5-[1-(4-aminophenyl)-4-piperidyl]-3-ethyl-2,3-dihydro-1,3,
4-oxadiazol-2-one (7c, 1.02 g, 89%). To a stirred solution of
S-nitro2-furanoic acid in DMF add HOBT (Hydroxybenzot-
riazole) (0.14 g, 1 mmol), EDCI (1-Ethyl-3-(3-dimethylami-
nopropyl)carbodi imide)) (0.19 g, 1 mmol) and amine com-
pound (7¢, 0.29g, 1 mmol) and stirred for 2 h at room
temperature (27° C.), after completion of the reaction, reac-
tion mixture is poured into ice water and extracted into chlo-
roform finally purification by column chromatography using
ethyl acetate-hexane (7:3) as eluant to afford pure compound
N2-4-[4-(4-ethyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-yl)
piperi dino]phenyl-5-nitro-2-furamide (8c, 367 mg, 86%).

'"H NMR (CDCls, 300 MHz): § 1.34 (t, 3H, ]=7.55 Hz),
1.85-1.99 (m, 2H), 2.07-2.13 (m, 2H), 2.67-2.77 (m, 1H),
2.82-2.91 (m, 2H), 3.64-3.69 (m, 2H), 3.70-3.78 (m, 2H),
6.92 (d, 2H,J=9.06 Hz), 7.33 (d, 1H, J=3.77 Hz), 7.38 (d, 1H,
J=3.77Hz),7.53 (d, 1H, J=9.06 Hz), 8.20 (bs, 1H); MS (ESI):
m/z (450) (M+23)".

Example 4

N2-4-[4-(4-Benzyl-5-0x0-4,5-dihydro-1,3,4-oxadia-
z0l-2-yl)piperidino|phenyl-5-nitro-2-furamide (8d)

5-[1-(4-Nitrophenyl)-4-piperidyl]-2,3-dihydro-1,3.4-oxa-
diazol-2-one (5a 1.16 g, 4 mmol) on reacting with
CH;CH,Br (0.82 g, 4.8 mmol) in DMF in the presence of
base K,CO; (1.38 g, 10 mmol) at room temperature (27° C.)
for 10 h, after completion of the reaction, reaction mixture is
poured into ice water and extracted into chloroform finally
purification by column chromatography to afford pure com-
pound 3-benzyl-5-[1-(4-nitrophenyl)-4-piperidyl]-2,3-dihy-
dro-1,3,4-oxadiazol-2-one (6¢c, 1.42 g, 94%). Nitro com-
pound (6¢, 1.52 g, 4 mmol) on reduction with SnCl,.2H,O
(2.71 g, 12 mmol) in methanol and refluxed at 65° C. for 4 h,
after completion of reaction methanol is evaporated under
vacuum and to this saturated sodium bicarbonate solution is
added to quench the excess stannous chloride and filtered
through celite bed and purified in silica column (60-120) to
afforded pure compound 5-[1-(4-aminophenyl)-4-piperidyl]-
3-benzyl-2,3-dihydro-1,3,4-oxadiazol-2-one (7d, 1.23 g,
88%). To a stirred solution of 5-nitro2-furanoic acid in DMF
add HOBT (Hydroxybenzotriazole) (0.14 g, 1 mmol), EDCI
(1-Ethyl-3-(3-dimethylaminopropyl)carbodi imide)) (0.19 g,
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1 mmol) and amine compound (7d, 0.35 g, 1 mmol) and
stirred for 2 h at room temperature (27° C.), after completion
of the reaction, reaction mixture is poured into ice water and
extracted into chloroform finally purification by column
chromatography using ethyl acetate-hexane (7:3) as eluant to
afford pure compound N2-4-[4-(4-benzyl-5-0x0-4,5-dihy-
dro-1,3,4-oxadiazol-2-yl)piperidino]phenyl-5-nitro-2-fura-
mide (8d, 405 mg, 83%).

'"H NMR (CDCls, 300 MHz): 8 1.83-1.97 (m, 2H), 2.05-
2.11 (m, 2H), 2.65-2.75 (m, 1H), 2.82-2.91 (m, 2H), 3.62-
3.69 (m, 2H), 6.91 (d, 2H, J=9.06 Hz), 7.28-7.34 (m, 5H),
7.35(d, 1H, J=3.77 Hz), 7.38 (d, 1H, J=3.77 Hz), 7.50 (d, 1H,
J=9.06 Hz), 8.19 (bs, 1H); MS (ESI): m/z (490) (M+1)".

Example 5

N2-3-Fluoro-4-[4-(5-0x0-4,5-dihydro-1,3,4-oxadia-
zol-2-yl)piperidino]|phenyl-5-nitro-2-furamide (8e)

To a stirred solution of 3,4-difluoro nitrobenzene (1b, 3.5 g,
22 mmol) and methyl 4-piperidine carboxylate (2,3.15 g, 22
mmol) in DMF solvent and K,CO; (7.6 g, 55 mmol) as base
and heated at 80° C. for 10 h, after completion of the reaction,
reaction is poured into ice water and extracted into ethyl
acetate finally purification by column chromatography to
afford pure compound methyl 1-(2-fluoro-4-nitrophenyl)-4-
piperidine carboxylate (3b, 5.33 g, 86%). To a stirred solution
of ester (3b, 5.0 g, 18 mmol) in ethanol, NH,NH,.H,O (2.25
g, 45 mmol) is added and refluxed for 12 h. After completion
of'the reaction ethanol is evaporated under vacuum and water
is added and extracted into ethyl acetate finally purification by
column chromatography to afford pure compound 1-(2-
fluoro-4-nitro phenyl)-4-piperidinecarbohydrazide (4b, 4.62
g, 91%). Addition N,N-dimethyl carbamyl chloride (1.29 g,
12 mmol) to hydrazide (4b, 3.38 g, 12 mmol) in pyridine at
room temperature (27° C.) and followed by reflux at tempera-
ture 85° C. for 2.5 h. After completion of the reaction, the
reaction mixture is cooled and filtered. The residue is recrys-
tallized from water to get 5-[1-(2-fluoro-4-nitrophenyl)-4-
piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (5b, 147 g,
40%). Nitro compound (5b, 1.23 g, 4 mmol) on reduction
with SnCl,.2H,0 (2.71 g, 12 mmol) in methanol and refluxed
at 65° C. for 4 h, after completion of reaction methanol is
evaporated under vacuum and to this saturated sodium bicar-
bonate solution is added to quench the excess stannous chlo-
ride and filtered through celite bed and purified in silica
column (60-120) to afforded pure compound 5-[1-(4-amino-
2-fluorophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-
2-one (7e, 920 mg, 83%). To a stirred solution of 5-nitro2-
furanoic acid in DMF add HOBT (Hydroxybenzotriazole)
(0.14 g, 1 mmol), EDCI (1-Ethyl-3-(3-dimethylaminopropyl)
carbodi imide)) (0.19 g, 1 mmol) and amine compound (7e,
0.28 g, 1 mmol) and stirred for 2 h at room temperature (27°
C.), after completion of the reaction, reaction mixture is
poured into ice water and extracted into chloroform finally
purification by column chromatography using ethyl acetate-
hexane (7:3) as eluant to afford pure compound N2-3-fluoro-
4-[4-(5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-yl)piperidino]
phenyl-5-nitro-2-furamide (8e, 333 mg, 80%).

'"H NMR (CDCls, 300 MHz): 8 1.85-1.99 (m, 2H), 2.06-
2.11 (m, 2H), 2.67-2.77 (m, 1H), 2.82-2.91 (m, 2H), 3.64-
3.69 (m, 2H), 6.95 (t, 1H, J=9.06 Hz), 7.27 (dd, 1H, J=1.55,
7.55 Hz), 7.38 (d, 1H, J=3.77 Hz), 7.41 (d, 1H, J=3.77 Hz),
7.56 (dd, 1H,J=2.26,11.25 Hz), 8.30 (bs, 1H); MS (ESI): nv/z
(418) (M+1)*.
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Example 6

N2-3-Fluoro-4-[4-(4-methyl-5-0x0-4,5-dihydro-1,3,
4-oxadiazol-2-yl)piperidino|phenyl-5-nitro-2-fura-
mide (8f)

5-[1-(2-Fluoro-4-nitrophenyl)-4-piperidyl]-2,3-dihydro-
1,3,4-oxadazol-2-one (5b, 1.23 g, 4 mmol) on reacting with
CH,I (0.68 g, 4.8 mmol) in DMF in the presence of base
K,CO; (1.38 g, 10 mmol) at 0° C. for 10 h, after completion
of' the reaction, reaction mixture is poured into ice water and
extracted into chloroform finally purification by column
chromatography to afford pure compound 5-[1-(2-fluoro-4-
nitrophenyl)-4-piperidyl]-3-methyl-2,3-dihydro-1,3,4-oxa-
diazol-2-one (6d, 1.18 g, 92%). Nitro compound (6d, 1.29 g,
4 mmol) on reduction with SnCl,.2H,0 (2.71 g, 12 mmol) in
methanol and refluxed at 65° C. for 4 h, after completion of
reaction methanol is evaporated under vacuum and to this
saturated sodium bicarbonate solution is added to quench the
excess stannous chloride and filtered through celite bed and
purified in silica column (60-120) to afforded pure compound
5[1-(4-amino-2-fluorophenyl)-4-piperidyl]-3-methyl-2,3-
dihydro-1,3,4-oxadiazol-2-one (7f, 920 mg, 83%). To a
stirred solution of 5-nitro2-furanoic acid in DMF add HOBT
(Hydroxybenzotriazole) (0.14 g, 1 mmol), EDCI (1-Ethyl-3-
(3-dimethylaminopropyl)carbodi imide)) (0.19 g, 1 mmol)
and amine compound (7f, 0.29 g, 1 mmol) and stirred for 2 h
at room temperature (27° C.), after completion of the reac-
tion, reaction mixture is poured into ice water and extracted
into chloroform finally purification by column chromatogra-
phy using ethyl acetate-hexane (7:3) as eluant to afford pure
compound N2-3-fluoro-4-[4-(4-methyl-5-0x0-4,5-dihydro-
1,3,4-oxadiazol-2-yl)piperidino|phenyl-5-nitro-2-furamide
(81,375 mg, 87%).

'"H NMR (CDCl,, 300 MHz): 8 1.84-1.97 (m, 2H), 2.05-
2.13 (m, 2H), 2.67-2.75 (m, 1H), 2.82-2.91 (m, 2H), 3.64-
3.69 (m, 2H), 3.87 (s, 3H), 6.94 (1, 1H, 1=9.06 Hz), 7.27 (dd,
1H, J=1.51, 7.55 Hz), 7.38 (d, 1H, J=3.77 Hz), 7.44 (d, 1H,
J=3.77 Hz), 7.58 (dd, 1H, J=2.25, 13.59 Hz), 8.33 (bs, 1H);,
MS (ESI): m/z (454) (M+23)*.

Example 7

N2-4-[4-(4-Ethyl-5-0x0-4,5-dihydro-1,3,4-oxadia-
zol-2-yl)piperi-dino]-3-fluoro phenyl-5-nitro-2-fura-
mide (8g)

5-[1-(2-Fluoro-4-nitrophenyl)-4-piperidyl]-2,3-dihydro-
1,3,4-oxadiazol-2-one (5b, 1.23 g, 4 mmol) on reacting with
C,H4Br (0.53 g, 4.8 mmol) in DMF in the presence of base
K,CO; (1.38 g, 10 mmol) at room temperature (27° C.) for 10
h, after completion of the reaction, reaction mixture is poured
into ice water and extracted into chloroform finally purifica-
tion by column chromatography to afford pure compound
3-ethyl-5-[1-(2-fluoro-4-nitrophenyl)-4-piperidyl]-2,3-dihy-
dro-1,3,4-oxadiazol-2-one (6e, 1.27 g, 95%). Nitro com-
pound (6e, 1.34 g, 4 mmol) on reduction with SnCl,.2H,O
(2.71 g, 12 mmol) in methanol and refluxed at 65° C. for 4 h,
after completion of reaction methanol is evaporated under
vacuum and to this saturated sodium bicarbonate solution, is
added to quench the excess stannous chloride and filtered
through celite bed and purified in silica column (60-120) to
afforded pure compound 5-[1-(4-amino-2-fluorophenyl)-4-
piperidyl]-3-ethyl-2,3-dihydro-1,3,4-oxadiazol-2-one (7 g,
1.05 g, 86%). To a stirred solution of 5-nitro2-furanoic acid in
DMF add HOBT (Hydroxybenzo triazole) (0.14 g, 1 mmol),
EDCI (1-Ethyl-3-(3-dimethylaminopropyl)carbodi imide))
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(0.19 g, 1 mmol) and amine compound (7g, 0.3 g, 1 mmol)
and stirred for 2 h atroom temperature (27° C.), after comple-
tion of the reaction, reaction mixture is poured into ice water
and extracted into chloroform finally purification by column
chromatography using ethyl acetate-hexane (7:3) as eluant to
afford pure compound N2-4-[4-(4-ethyl-5-0x0-4,5-dihydro-
1,3,4-oxadiazol-2-yl)piperidino]-3-fluorophenyl-5-nitro-2-
furamide (8 g, 391 mg, 88%).

'H NMR (CDCl,, 300 MHz): 8 1.34 (t, 3H, 1=7.55 Hz),
1.96-2.05 (m, 2H), 2.06-2.14 (m, 2H), 2.68-2.75 (m, 1H),
2.77-2.86 (m, 2H), 3.43-3.50 (m, 2H), 3.72-3.79 (m, 2H),
6.96 (t, 1H, J=9.06 Hz), 7.28 (dd, 1H, J=1.51, 7.55 Hz), 7.37
(d, 1H, J=3.77 Hz), 7.42 (d, 1H, J=3.77 Hz), 7.58 (dd, 1H,
J=2.26, 13.59 Hz), 8.32 (bs, 1H); MS (ESI): m/z (446)
M+D)™.

Example 8

N2-4-[4-(4-Benzyl-5-0x0-4,5-dihydro-1,3,4-oxadia-
zol-2-yl)piperi dino]-3-fluoro phen yl-5-nitro-2-fura-
mide (8h)

5-[1-(2-Fluoro-4-nitrophenyl)-4-piperidyl]-2,3-dihydro-
1,3,4-oxadiazol-2-one (5b, 1.23 g, 4 mmol) on reacting with
CH;CH,Br (0.82 g, 1 mmol) in DMF in the presence of base
K,CO, (1.38 g, 10 mmol) at room temperature (27° C.) for 10
h, after completion of the reaction, reaction mixture is poured
into ice water and extracted into chloroform finally purifica-
tion by column chromatography to afford pure compound
3-benzyl-5-[1-(2-fluoro-4-nitrophenyl)-4-piperidyl]-2,3-di-
hydro-1,3,4-oxadiazol-2-one (61, 1.52 g, 96%). Nitro com-
pound (61, 1.59 g, 4 mmol) on reduction with SnCl,.2H,0O
(2.71 g, 12 mmol) in methanol and refluxed at 65° C. for 4 h,
after completion of reaction methanol is evaporated under
vacuum and to this saturated sodium bicarbonate solution is
added to quench the excess stannous chloride and filtered
through celite bed and purified in silica column (60-120) to
afforded pure compound 5-[1-(4-amino-2-fluorophenyl)-4-
piperidyl]-3-benzyl-2,3-dihydro-1,3,4-oxadiazol-2-one (7 h,
1.26 g,86%). To a stirred solution of 5-nitro2-furanoic acid in
DMF add. HOBT (Hydroxybenzotriazole) (0.14 g, 1 mmol),
EDCI (1-Ethyl-3-(3-dimethy]l aminopropyl)carbodi imide))
(0.19 g, 1 mmol) and amine compound (7 h, 0.36 g, 1 mmol)
and stirred for 2 h atroom temperature (27° C.), after comple-
tion of the reaction, reaction mixture is poured into ice water
and extracted into chloroform finally purification by column
chromatography using ethyl acetate-hexane (7:3) as eluant to
afford pure compound N2-4-[4-(4-benzyl-5-0x0-4,5-dihy-
dro-1,3,4-oxadiazol-2-yl)piperi dino]-3-fluorophenyl-5-ni-
tro-2-furamide (8 h, 430 mg, 85%).

'H NMR (CDCls, 300 MHz): 8 1.89-2.00 (m, 2H), 2.02-
2.11 (m, 2H), 2.65-2.72 (m, 1H), 2.73-2.82 (m, 2H), 3.42-
3.46 (m, 2H), 4.83 (s, 2H), 6.92 (t, 1H, J=9.06 Hz), 7.25 (d,
2H, J=7.55 Hz), 7.30-7.39 (m, 5H), 7.39 (d, 1H, J=3.77 Hz),
7.55 (dd, 1H, J=2.26, 13.59 Hz); MS (ESI): m/z (508)
M+1)*.

Example 9

5-[1-(4-[(E)-1-(5-Nitro-2-furyl)methylidene]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-
2-one (9a)

5-[1-(4-Aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-
oxadiazol-2-one (7a, 0.26 g, 1 mmol) on reacting with 5-ni-
tro2-furaldehyde in the presence of catalytic amount of
CH,COOH (3 drops) in methanol at 0° C. for 10 h and the
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obtained solid is filtered, washed with water and recrystal-
lized in ethanol to obtain product 5-[1-(4-[(E)-1-(5-nitro-2-
furyl)methylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-
1,3,4-oxadiazol-2-one (9a, 306 mg, 80%).

'H NMR (CDCl,, 300 MHz): 8 1.84-1.96 (m, 2H), 2.06-
2.12 (m, 2H), 2.70-2.80 (m, 1H), 2.91-2.99 (m, 2H), 3.71-
3.77 (m, 2H), 6.92 (d, 2H, J=9.06 Hz), 7.14 (d, 1H, J=4.53
Hz),7.23-7.31 (m, 2H), 7.39 (d, 1H, J=4.53 Hz), 8.20 (s, 1 H);
8.36 (bs, 1H); MS (ESI): m/z (384) (M+1)".

Example 10

3-Methyl-5-[1-(4-[(E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,
4-oxadiazol-2-one (9b)

5-[1-(4- Aminophenyl)-4-piperidyl]-3-methyl-2,3-dihy-
dro-1,3,4-oxadiazol-2-one (7b, 0.27 g, 1 mmol) on reacting
with 5-nitro2-furaldehyde in the presence of catalytic amount
of CH;COOH (3 drops) in methanol at 0° C. for 10 h and the
obtained solid is filtered, washed with water and recrystal-
lized in ethanol to obtain product 3-methyl-5-[ 1-(4-[(E)-1-(5-
nitro-2-furyl)methylidene]aminophenyl)-4-piperidyl]-2,3-
dihydro-1,3,4-oxadiazol-2-one (9b, 341 mg, 86%).

'"H NMR (CDCl,, 300 MHz): 8 1.84-1.97 (m, 2H), 2.07-
2.13 (m, 2H), 2.70-2.81 (m, 1H), 2.91-3.00 (m, 2H), 3.39 (s,
3H), 3.71-3.78 (m, 2H), 6.93 (d, 2H, J=9.06 Hz), 7.13 (d, 1H,
J=4.53 Hz), 7.25-7.32 (m, 2H), 7.39 (d, 1H, J=3.77 Hz), 8.41
(s, 1H); MS (ESD): m/z (420) (M+23)™.

Example 11

3-Ethyl-5-[1-(4-[ (E)-1-(5-nitro-2-furyl)methylidene]
aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadia-
z0l-2-one (9¢)

5-[1-(4- Aminophenyl)-4-piperidyl]-3-ethyl-2,3-dihydro-
1,3,4-oxadiazol-2-one (7c, 0.29 g, 1 mmol) on reacting with
S-nitro2-furaldehyde in the presence of catalytic amount of
CH;COOH (3 drops) in methanol at 0° C. for 10 h and the
obtained solid is filtered, washed with water and recrystal-
lized in ethanol to obtain product 3-ethyl-5-[1-(4-[(E)-1-(5-
nitro-2-furyl)methylidene]aminophenyl)-4-piperidyl]-2,3-
dihydro-1,3,4-oxadiazol-2-one (9¢, 357 mg, 87%).

'H NMR (CDCl,, 300 MHz): § 1.35 (t, 3H, J=7.55 Hz),
1.87-1.99 (m, 2H), 2.07-2.12 (m, 2H), 2.67-2.76 (m, 1H),
2.82-2.91 (m, 2H), 3.66-3.69 (m, 2H), 3.69-3.77 (m, 2H),
6.92 (d, 2H, I=9.06 Hz), 7.15 (d, 1H, J=3.77 Hz), 7.26-7.31
(m, 2H), 7.40(d, 1H, J=3.77 Hz), 8.40 (s, 1H); MS (ESD): m/z
(434) (M+23)*.

Example 12

3-Benzyl-5-[1-(4-[(E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,
4-oxadiazol-2-one (9d)

5-[1-(4- Aminophenyl)-4-piperidyl]-3-benzyl-2,3-dihy-
dro-1,3,4-oxadiazol-2-one (7d, 0.35 g, 1 mmol) on reacting
with 5-nitro2-furaldehyde in the presence of catalytic amount
of CH,COOH (3 drops) in methanol at 0° C. for 10h and the
obtained solid is filtered, washed with water and recrystal-
lized in ethanol to obtain product 3-benzyl-5-[1-(4-[(E)-1-(5-
nitro-2-furyl)methylidene]aminophenyl)-4-piperidyl]-2,3-
dihydro-1,3,4-oxadiazol-2-one (9d, 416 mg, 88%).

'H NMR (CDCl;, 300 MHz): 8 1.85-1.99 (m, 2H), 2.07-
2.13 (m, 2H), 2.67-2.77 (m, 1H), 2.82-2.90 (m, 2H), 3.63-
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3.69 (m, 2H), 3.70-3.78 (m, 2H), 4.81 (s, 2H), 6.92 (d, 2M,
J=9.06 Hz), 7.17 (d, 1H, ]=3.77 Hz), 7.25-7.30 (m, 2H),
7.32-7.37 (m, SH), 7.38 (d, 1H, 1=3.77 Hz), 8.41 (s, 1H); MS
(ESI): m/z (474) (M+1)*.

Example 13

5-[1-(2-Fluoro-4-[(E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,
4-oxadiazol-2-one (9e)

5-[1-(4-Amino-2-fluorophenyl)-4-piperidyl]-2,3-dihy-
dro-1,3,4-oxadiazol-2-one (7e, 0.28 g, 1 mml) on reacting
with 5-nitro2-furaldehyde in the presence of catalytic amount
of CH;COOH (3 drops) in methanol at 0° C. for 10 h and the
obtained solid is filtered, washed with water and recrystal-
lized in ethanol to obtain product 5-[1-(2-fluoro-4-[(E)-1-(5-
nitro-2-furyl)methylidene]aminophenyl)-4-piperidyl]-2,3-
dihydro-1,3,4-oxadiazol-2-one (9e, 324 mg, 81%).

'"H NMR (CDCls, 300 MHz): 8 1.97-2.04 (m, 2H), 2.11-
2.14 (m, 2H), 2.73-2.81 (m, 1H), 2.86-2.91 (m, 2H), 3.53-
3.55(m, 2H), 6.97 (t, 1H, J=7.84 Hz), 7.09 (t, 2H, ]=7.84 Hz),
7.16 (d, 1H, J=2.94 Hz), 7.41 (d, 1H, ]=2.94 Hz), 8.37 (s, 1H),
8.73 (bs, 1H); MS (ESI): m/z (402) (M+1)*.

Example 14

5-[1-(2-Fluoro-4-[(E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-3-methyl-2,3-
dihydro-1,3.4-oxadiazol-2-one (91)

5-[1-(4-Amino-2-fluorophenyl)-4-piperidyl]-3-methyl-2,
3-dihydro-1,3,4-oxadiazol-2-one (7f, 0.29 g, 1 mmol) on
reacting with 5-nitro2-furaldehyde in the presence of cata-
lytic amount of CH;COOH (3 drops) in methanol at 0° C. for
10 h and the obtained solid is filtered, washed with water and
recrystallized in ethanol to obtain product 5-[1-(2-fluoro-4-
[(E)-1-(5-nitro-2-furyl)methylidene|aminophenyl)-4-pip-
eridyl]-3-methyl-2,3-dihydro-1,3,4-oxadiazol-2-one (91,
352 mg, 85%).

'"H NMR (CDCls, 300 MHz): 8 1.92-2.01 (m, 2H), 2.03-
2.14 (m, 2H), 2.69-2.77 (m, 1H), 2.83-2.91 (m, 2H), 3.40 (s,
3H), 3.50-3.57 (m, 2H), 6.95 (t, 1H, J=9.06 Hz), 7.03-7.09
(m, 2H), 7.16 (d, 1H, J=3.77 Hz), 7.40 (d, 1H, J=3.77 Hz),
8.37 (s, 1H); MS (ESI): m/z (416) (M+1)*.

Example 15

3-Ethyl-5-[1-(2-fluoro-4-[(E)-1-(5-nitro-2-furyl)
methylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-
1,3,4-oxadiazol-2-one (9g)

5-[1-(4-Amino-2-fluorophenyl)-4-piperidyl]-3-ethyl-2,3-
dihydro-1,3,4-oxadiazol-2-one (7 g,0.30 g, 1 mmol) onreact-
ing with 5-nitro2-furaldehyde in the presence of catalytic
amount of CH,COOH (3 drops) in methanol at 0° C. for 10 h
and the obtained solid is filtered, washed with water and
re-crystallized in ethanol to obtain product 3-ethyl-5-[1-(2-
fluoro-4-[(E)-1-(5-nitro-2-furyl)methylidene]aminophe-
nyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (9 g,
373 mg, 87%).

'"H NMR (CDCl,, 300 MHz): 8 1.34 (t, 3H, 1=7.55 Hz),
1.89-1.99 (m, 2H), 2.05-2.13 (m, 2H), 2.69-2.77 (m, 1H),
2.82-2.91 (m, 2H), 3.59-3.66 (m, 2H), 3.70-3.78 (m, 2H),
6.92 (t, 1H, J=9.06 Hz), 7.05-7.10 (m, 2H), 7.17 (d, 1H,
J=3.77Hz), 7.43 (d, 1H, J=3.77 Hz), 8.36 (s, 1H); MS (ESI):
m/z (430) (M+1)*.
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Example 16

3-Benzyl-5-[1-(2-fluoro-4-[ (E)-1-(5-nitro-2-furyl)
methylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-
1,3,4-oxadiazol-2-one (9 h)

5-[1-(4- Amino-2-fluorophenyl)-4-piperidyl]-3-benzyl-2,
3-dihydro-1,3,4-oxadiazol-2-one (7 h, 0.36 g, 1 mmol) on
reacting with 5-nitro2-furaldehyde in the presence of cata-
Iytic amount of CH;COOH (3 drops) in methanol at 0° C. for
10 h and the obtained solid is filtered, washed with water and
recrystallized in ethanol to obtain product 3-benzyl-5-[1-(2-
fluoro-4-[(E)-1-(5-nitro-2-furyl)methylidene]lamino  phe-
nyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (9 h,
432 mg, 88%).

'H NMR (CDCl,, 300 MHz): § 1.91-2.00 (m, 2H), 2.02-
2.12 (m, 2H), 2.67-2.77 (m, 1H), 2.80-2.88 (m, 2H), 3.48-
3.54 (m, 2H), 4.82 (s, 2H), 6.93 (t, 1H, J=9.06 Hz), 7.02-7.09
(m, 2H), 7.15 (d, 1H, J=3.77 Hz), 7.32-7.36 (m, 5H), 7.39 (d,
1H, J=3.77 Hz), 8.36 (s, 1H); MS (ESI): m/z (492) M+1)".

Example 17

5-[1-(4[(5-Nitro-2-furyl)methyl]aminophenyl)-4-
piperidyl]-2,3-dihydro-1,3.4-oxadiazol-2-one (10a)

5-[1-(4-[(E)-1-(5-Nitro-2-furyl)methylidene]aminophe-
nyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one ~ (9a,
0.38 g, 1 mmol) on reduction with sodiumcyano borohydride
(0.12 g, 2 mmol) in the presence of catalytic amount of
CH,COOH (3 drops) in methanol at 0° C. for 12 h. After
completion of the reaction as indicated by TL.C, the reaction
mixture is neutralized with sodium bi carbonate and extracted
into chloroform. The crude product thus obtained was puri-
fied by column chromatography using ethyl acetate-hexane
(8:2) as eluant to obtain product 5-[1-(4-[(5-nitro-2-furyl)
methyl]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxa-
diazol-2-one (10a, 315 mg, 82%).

'H NMR (CDCl,, 300 MHz): 8 1.85-1.94 (m, 2H), 2.00-
2.09 (m, 2H), 2.60-2.67 (m, 1H), 2.76-2.83 (m, 2H), 3.24-
3.29 (m, 2H), 4.35 (s, 2H), 5.33 (bs, 1H), 6.42 (d, 1H, J=2.89
Hz),6.55 (d, 2H, J=8.68 Hz), 6.82 (d, 2H, ]=8.68 Hz), 7.21 (d,
1H, J=3.84 Hz), 7.50 (bs, 1H); MS (ESI): m/z (386) (M+1)*.

Example 18

3-Methyl-5-[1-(4-[(5-nitro-2-furyl)methyl]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-
2-one (10b)

3-Methyl-5-[1-(4-[ (E)-1-(5-nitro-2-furyl)methylidene]
aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (9b, 0.40 g, 1 mmol) on reduction with sodiumecy-
anoborohydride (0.12 g, 2 mmol) in the presence of catalytic
amount of CH;COOH (3 drops) in methanol at 0° C. for 12 h.
After completion of the reaction as indicated by TLC, the
reaction mixture is neutralized with sodium bi carbonate and
extracted into chloroform. The crude product thus obtained
was purified by column chromatography using ethyl acetate-
hexane (8:2) as eluant to obtain product 3-methyl-5-[1-(4-
[(5-nitro-2-furyl)methyl]aminophenyl)-4-piperidyl]-2,3-di-
hydro-1,3,4-oxadiazol-2-one (10b, 343 mg, 86%).

'"H NMR (CDCl,, 300 MHz): § 1.87-1.95 (m, 2H), 2.02-
2.10 (m, 2H), 2.60-2.68 (m, 1H), 2.70-2.75 (m, 2H), 3.38 (s,
3H),3.43-3.49 (m, 2H),4.39 (s, 2H), 6.41 (d, 1H, ]=2.89 Hz),
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6.56 (d, 2, 1=8.68 Hz), 6.81 (d, 211, I=8.68 Hz), 7.20 (d, 1H,
J=3.86 Hz), 7.25 (s, 1H); MS (ESI): m/z (400) (M+1)".

Example 19

3-Ethyl-5-[1-(4-[(5-nitro-2-furyl)methyl]aminophe-
nyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one
(10c)

3-Ethyl-5-[1-(4[(E)-1-(5-nitro-2-furyl)methylidene]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one
(9¢c, 0.41 g, 1 mmol) on reduction with sodiumeyano borohy-
dride (0.12 g, 2 mmol) in the presence of catalytic amount of
CH,COOH (3 drops) in methanol at 0° C. for 12 h. After
completion of the reaction as indicated by TL.C, the reaction
mixture is neutralized with sodium bi carbonate and extracted
into chloroform. The crude product thus obtained was puri-
fied by column chromatography using ethyl acetate-hexane
(8:2) as eluant to obtain product 3-ethyl-5-[1-(4-[(5-nitro-2-
furyl)methyl]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-
oxadiazol-2-one (10c, 359 mg, 87%).

'H NMR (CDCl,, 300 MHz): 8 1.34 (t, 3H, J=7.17 Hz),
1.86-1.99 (m, 2H), 2.04-2.11 (m, 2H), 2.61-2.67 (m, 1H),
2.70-2.78 (m, 2H), 3.44-3.50 (m, 2H), 3.70-3.77 (m, 2H),
4.40 (s,2H), 6.43 (d, 1H,J=3.58 Hz), 6.57 (d, 2H, J=8.87 Hz),
6.83 (d, 2H,J=8.87Hz), 7.23 (d, 1H, J=3.58 Hz), 7.26 (s, 1H);
MS (ESD): m/z (414) (M+1)*.

Example 20

3-Benzyl-5-[1-(4-[(5-nitro-2-furyl)methyl]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-
2-one (10d)

3-Benzyl-5-[1-(4-[(E)-1-(5-nitro-2-furyl)methylidene]|
aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (9d, 0.47 g, 1 mmol) on reduction with sodiumcyano
borohydride (0.12 g, 2 mmol) in the presence of catalytic
amount of CH;COOH (3 drops) in methanol at 0° C. for 12 h.
After completion of the reaction as indicated by TLC, the
reaction mixture is neutralized with sodium bi carbonate and
extracted into chloroform. The crude product thus obtained
was purified by column chromatography using ethyl acetate-
hexane (8:2) as eluant to obtain product 3-benzyl-5-[1-(4-[ (5-
nitro-2-furyl) methyl]aminophenyl)-4-piperidyl]-2,3-dihy-
dro-1,3,4-oxadiazol-2-one (10d, 403 mg, 85%).

'H NMR (CDCl,, 300 MHz): § 1.82-1.95 (m, 2H), 2.05-
2.11 (m, 2H), 2.68-2.76 (m, 1H), 2.77-2.90 (m, 2H), 3.62-
3.67 (m, 2H), 4.82 (s, 2H), 6.88 (d, 2H, I=9.06 Hz), 7.30-7.36
(m, 51-1), 7.39 (d, 1H, J=3.77 Hz), 7.44 (d, 1H, J=3.77 Hz),
7.63 (d, 2H, J=9.06 Hz), 10.00 (bs, 1H); MS (ESI): m/z (498)
(M+23)".

Example 21

5-[1-(2-Fluoro-4-[ (5-nitro-2-furyl)methylJaminophe-
nyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one
(10e)

5-[1-(2-Fluoro-4-[(E)-1-(5-nitro-2-furyl)methylidene]|

aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-

one (9e, 0.40 g, 1 mmol) on reduction with sodiumcyano
borohydride (0.12 g, 2 mmol) in the presence of catalytic
amount of CH;COOH (3 drops) in methanol at 0° C. for 12 h.
After completion of the reaction as indicated by TLC, the
reaction mixture is neutralized with sodium bi carbonate and
extracted into chloroform. The crude product thus obtained
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was purified by column chromatography using ethyl acetate-
hexane (8:2) as eluant to obtain product 5-[1-(2-fluoro-4-[ (5-
nitro-2-furyl)methyl]aminophenyl)-4-piperidyl]-2,3-dihy-
dro-1,3,4-oxadiazol-2-one (10e, 326 mg, 81%).

'"H NMR (CDCl,, 300 MHz): 8 1.86-1.95 (m, 2H), 1.98-
2.08 (m, 2H), 2.58-2.64 (m, 1H), 2.66-2.74 (m, 2H), 3.24-
3.28 (m, 2H), 4.36 (s, 2H), 5.32 (bs, 1H), 6.32-6.42 (m, 2H),
6.52 (d, 1H, J=3.58 Hz), 6.81 (t, 1H, J=9.06 Hz), 7.28 (d, 1H,
J=3.58 Hz), 7.50 (bs, 1H); MS (ESI): m/z (404) (M+1)".

Example 22

5-[1-(2-Fluoro-4-[ (5-nitro-2-furyl)methyl]aminophe-
nyl)-4-piperidyl]-3-methyl-2,3-dihydro-1,3,4-oxadia-
z0l-2-one (101)

5-[1-(2-Fluoro-4-[ (E)-1-(5-nitro-2-furyl)methylidene]
aminophenyl)-4-piperidyl]-3-methyl-2,3-dihydro-1,3,4-
oxadiazol-2-one (9f, 0.42 g, 1 mmol) on reduction with
sodium cyanoboro hydride (0.12 g, 2 mmol) in the presence
of catalytic amount of CH;COOH (3 drops) in methanol at 0°
C. for 12 h. After completion of the reaction as indicated by
TLC, the reaction mixture is neutralized with sodium bi car-
bonate and extracted into chloroform. The crude product thus
obtained was purified by column chromatography using ethyl
acetate-hexane (8:2) as eluant to obtain product 5-[1-(2-
fluoro-4-[(5-nitro-2-furyl)methyl]aminophenyl)-4-pip-
eridyl]-3-methyl-2,3-dihydro-1,3,4-oxadiazol-2-one
358 mg, 86%).

'H NMR (CDCl;, 300 MHz): § 1.92-2.00 (m, 2H), 2.01-
2.08 (m, 2H), 2.60-2.66 (m, 1H), 2.67-2.77 (m, 2H), 3.25-
3.32 (m, 2H), 3.38 (s, 3H), 4.38 (s, 2H), 6.29-6.38 (m, 2H),
6.43 (d, 1H, J=3.77 Hz), 6.80 (t, 1H, J=9.06 Hz), 7.21 (d, 1H,
J=3.77 Hz); MS (ESI): m/z (418) (M+1)*.

(10f,

Example 23

3-Ethyl-5-[1-(2-fluoro-4-[ (5-nitro-2-furyl)methyl]
aminophenyl)-4-piperidyl]-2,3-di hydro-1,3,4-oxa-
diazol-2-one (10g)

3-Ethyl-5-[1-(2-fluoro-4-[ (E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxa-
diazol-2-one (9 g, 0.43 g, 1 mmol) on reduction with sodi-
umcyanoborohydride (0.12 g, 2 mmol) in the presence of
catalytic amount of CH;COOH (3 drops) in methanol at 0° C.
for 12 h. After completion of the reaction as indicated by
TLC, the reaction mixture is neutralized with sodium bi car-
bonate and extracted into chloroform. The crude product thus
obtained was purified by column chromatography using ethyl
acetate-hexane (8:2) as eluant to obtain product 3-ethyl-5-[1-
(2-fluoro-4-[(5-nitro-2-furyl)methyl]aminophenyl)-4-pip-
eridyl]-2,3-dihydro-1,3,4-oxadi azol-2-one (10g, 357 mg,
83%).

'"H NMR (CDCls, 300 MHz): § 1.35 (t, 3H, J=8.65 Hz),
1.90-2.00 (m, 2H), 2.00-2.09 (m, 2H), 2.60-2.65 (m, 1H),
2.67-2.77 (m, 2H), 3.26-3.31 (m, 2H), 3.71-3.75 (m, 2H),
437 (s,2H), 6.29-6.38 (m, 2H), 6.42 (d, 1H, J=3.77 Hz), 6.81
(t, 1H, J=9.06 Hz), 7.21 (d, 1H, J=3.77 Hz); MS (ESI): n/z
(432) (M+1)*.

Example 24
3-Benzyl-5-[ 1-(2-fluoro-4-[(5-nitro-2-furyl)methyl]
aminophenyl)-4-piperidyl]-2,3-di hydro-1,3,4-oxa-
diazol-2-one (10 h)

3-Benzyl-5-[1-(2-fluoro-4-[(E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxa-
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diazol-2-one (9 h, 0.49 g, 1 mmol) on reduction with sodi-
umcyanoborohydride (0.12 g, 2 mmol) in the presence of
catalytic amount of CH;COOH (3 drops) in methanol at 0° C.
for 12 h. After completion of the reaction as indicated by
TLC, the reaction mixture is neutralized with sodium bi car-
bonate and extracted into chloroform. The crude product thus
obtained was purified by column chromatography using ethyl
acetate-hexane (8:2) as eluant to obtain product 3-benzyl-5-
[1-(2-fluoro-4-[ (5-nitro-2-furyl)methyl|aminophenyl)-4-pi-
peridyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10 h, 414 mg,
84%).

'H NMR (CDCls, 300 MHz): 8 1.86-1.96 (m, 2H), 1.98-
2.06 (m, 2H), 2.58-2.64 (m, 1H), 2.65-2.73 (m, 2H), 3.23-
3.30 (m, 2H), 4.37 (s, 2H), 4.81 (s, 2H), 6.29-6.38 (m, 2H),
6.43 (d, 1H, J=3.77 Hz), 6.80 (t, 1H, J=9.06 Hz), 7.22 (d, 1H,
J=3.77Hz),7.31-7.34 (m, SH); MS (ESI): m/z (494) (M+1)*.

Example 25

5-(1-(4-(1-((5-Nitro-2-furyl)methyl )Jammonio)phe-
nyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-one
chloride

5-[1-(4-[(5-Nitro-2-furyl)methyl]aminophenyl)-4-pip-
eridyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10a, 192 mg, 0.5
mmol) was taken in 5 mL of 1 N methanolic HCI and stirred
for 1 hat0° C. Methanol was removed under reduced pressure
to get 5-(1-(4-(1-((S-nitro-2-furyl)methyl)ammonio)phe-
nyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-one  chlo-
ride as brown solid.

Example 26

3-Methyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl )Jammo-
nio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadia-
zol-2-one chloride

3-Methyl-5-[ 1-(4-[ (5-nitro-2-furyl)methyl Jaminophe-
nyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one  (10b,
200 mg, 0.5 mmol) was taken in 5 mL. of 1 N methanolic HCI
and stirred for 1 h at 0° C. Methanol was removed under
reduced pressure to get 3-methyl-5-(1-(4-(1-((5-nitro-2-fu-
ryl)methyl)ammonio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,
4-oxadiazol-2-one chloride as brown solid.

Example 27

3-Ethyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl)ammo-
nio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadia-
zol-2-one chloride

3-Ethyl-5-[1-(4-[ (5-nitro-2-furyl)methyl Jaminophenyl)-
4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10c, 206
mg, 0.5 mmol) was taken in 5 mL of 1 N methanolic HCI and
stirred for 1 h at 0° C. Methanol was removed under reduced
pressure to get 3-ethyl-5-(1-(4-(1-((5S-nitro-2-furyl)methyl)
ammonio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadia-
zol-2-one chloride as brown solid.

Example 28

3-Benzyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl)ammo-
nio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadia-
zol-2-one chloride

3-Benzyl-5-[ 1-(4-[(5-nitro-2-furyl)methyl]aminophenyl)-
4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10d, 235
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mg, 0.5 mmol) was taken in 5 mL of 1 N methanolic HC1 and
stirred for 1 h at 0° C. Methanol was removed under reduced
pressure to get 3-benzyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl)
ammonio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadia-
zol-2-one chloride as brown solid.

Example 29

5-(1-(2-Fluoro-4-(1-((5-nitro-2-furyl)methyl)ammo-
nio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadia-
zol-2-one chloride

5-[1-(2-Fluoro-4-[ (5-nitro-2-furyl)methyl|aminophenyl)-
4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10e, 201
mg, 0.5 mmol) was taken in 5 mL of 1 N methanolic HC1 and
stirred for 1 h at 0° C. Methanol was removed under reduced
pressure to get 5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)
ammonio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadia-
zol-2-one chloride as brown solid.

Example 30

5-(1-(2-Fluoro-4-(1-((5-nitro-2-furyl)methyl)ammo-
nio)phenyl)-4-piperidyl)-3-methyl-2,3-dihydro-1,3,
4-oxadiazol-2-one chloride

5-[1-(2-Fluoro-4-[ (5-nitro-2-furyl)methyl|aminophenyl)-
4-piperidyl]-3-methyl-2,3-dihydro-1,3,4-oxadiazol-2-one
(101, 208 mg, 0.5 mmol) was taken in 5 mL of 1 N methanolic
HCl and stirred for 1 h at 0° C. Methanol was removed under
reduced pressure to get 5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)
methyl)ammonio)phenyl)-4-piperidyl)-3-methyl-2,3-dihy-
dro-1,3,4-oxadiazol-2-one chloride as brown solid.

Example 31

3-Ethyl-5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)
ammonio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-
oxadiazol-2-one chloride

3-Ethyl-5-[1-(2-fluoro-4-[ (5-nitro-2-furyl)methyl|ami-
nophenyl)-4-piperidyl]-2,3-di hydro-1,3,4-oxadiazol-2-one
(10g,215 mg, 0.5 mmol) was taken in S mL of 1 N methanolic
HCl and stirred for 1 h at 0° C. Methanol was removed under
reduced pressure to get 3-ethyl-5-(1-(2-fluoro-4-(1-((5-nitro-
2-furyl)methyl)ammonio)phenyl)-4-piperidyl)-2,3-dihydro-
1,3,4-oxadiazol-2-one chloride as brown solid.

Example 32

3-Benzyl-5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)me-
thyl)ammonio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,
4-oxadiazol-2-one chloride

3-Benzyl-5-[1-(2-fluoro-4-[ (5-nitro-2-furyl)methyl|ami-
nophenyl)-4-piperidyl]-2,3-di hydro-1,3,4-oxadiazol-2-one
(10h, 247 mg, 0.5 mmol) was takenin 5 mL of 1 N methanolic
HCl and stirred for 1 h at 0° C. Methanol was removed under
reduced pressure to get 3-benzyl-5-(1-(2-fluoro-4-(1-((5-ni-
tro-2-furyl)methyl)ammonio)phenyl)-4-piperidyl)-2,3-dihy-
dro-1,3,4-oxadiazol-2-one chloride as brown solid.

BIOLOGICAL ACTIVITY
Antimycobacterial Assay

The anti-mycobacterial activities of novel nitrofurfuryl
substituted phenyl linked piperidino-oxadiazolone congeners



US 9,108,960 B2

25

(8a-h, 9a-h and 10a-h) have been evaluated for the antimyco-
bacterial activity and the results are summarized in Table 1.
All compounds were initially screened against M. tuberculo-
sis Hy,Rv at the single concentration of 16 (ug/mL). The
active compounds from this screening were further tested
against M. tuberculosis Hy,Rv, M. tuberculosis Rif® and M.
tuberculosis XDR-1 for Minimum Inhibitory Concentration
(MIC) determination using a broth microdilution assay. Com-
pounds demonstrating at least 90% inhibition in the primary
screen were retested at lower concentrations by serial dilution
against M. tuberculosis Hy,Rv, M. tuberculosis Rif® and M.
tuberculosis XDR-1 to determine the actual MIC, using the
Nitrate Reductase Assay (NRA). The growth in the microtitre
plate is indicated by the change in color to pink detected by
the addition of NRA reagent. The MIC is defined as the lowest
concentration of the compound showing no change in the
color relative to controls. Rifampicin and Isoniazid were used
as reference drugs. All these compounds have shown activity
between 0.5—16 ng/ml..

TABLE 1

MIC values for the representative compounds

MIC (ug/ml)

tuberculosis  tuberculosis  tuberculosis
S.No Compound H;Rv Rif? XDR-1

1 8a 1.0 1.0 4.0

2 8b — — —

3 8¢ 1.0 2.0 4.0

4 8d — — —

5 8e 2.0 2.0 8.0

6 8f 1.0 2.0 4.0

7 8g 0.5 1.0 2.0

8 8h — — —

9 9a 2.0 4.0 4.0
10 9b 2.0 4.0 8.0
11 9¢ 1.0 2.0 4.0
12 9d 2.0 4.0 8.0
13 9e 2.0 2.0 8.0
14 9f 2.0 4.0 8.0
15 9g 1.0 2.0 4.0
16 %h 2.0 2.0 8.0
17 10a 1.0 4.0 4.0
18 10b 2.0 4.0 8.0
19  10¢c 1.0 1.0 4.0
20 10d 2.0 2.0 8.0
21 10e 2.0 2.0 8.0
22 10f 4.0 8.0 16.0
23 10g 2.0 4.0 4.0
24 10h 2.0 4.0 8.0
26 1la* 0.12 — —
27 11b* 0.8 — —
28  1le* 3.12 — —
29 12a* 3.13 — —
30 12b* 1.25 — —
31 12¢* 2.5 — —
32 Isoniazid 2.5 — —
33 Rifampicin 0.5 >128 2.0

—“ refers to not tested;

*refers to literature values (1la, 11b, 1le, 12a, 12b and 12¢, are reported in literature)
(Tangallapally, R, P.; Yendapally, R.; Lee, R. E.; Hevener, K.; Jones, V. C.; Lenaerts, A. J. M.;
McNeil, M. R.; Wang, Y.; Franzblau, S.; Lee, R. E. J Med. Chem., 2004, 47, 5276-5283.;
Mamolo, M. G.; Zampieri, D.; Vio, L.; Fermeglia, m.; Ferrone, M.; Pricl, S,; Scialino, G. and
Banfl, E. Bioorg. Med. Chem., 2005, 13,3797-3809).

ADVANTAGES OF THE INVENTION

1. The present invention provides phenyl nitro furfuryl
linked piperidino oxadiazolone compounds of general
formula A.

2. It also provides a process for the preparation of phenyl
nitro furfuryl linked piperidino oxadiazolone com-
pounds of general formula A.
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The invention claimed is:
1. A compound of formula A or pharmaceutically accept-
able salts thereof

formula A
X
0 (0]
. y %
C>_<\N - N\
R
wherein G is
o N
O,N ; O,N / or
N
H
HN-"
O,N
X=—H,F
R==H, CH,, C,Hs, or CH,CeHs.

2. The compound of formula A as claimed in claim 1,
wherein said compound is selected from

N2-4-[4-(5-Ox0-4,5-dihydro-1,3.4-oxadiazol-2-yl)piperi-
dino]phenyl-5-nitro-2-furamide (8a);

N2-4-[4-(4-Methyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-
2-yl)piperidino]phenyl-5-nitro-2-furamide (8b);

N2-4-[4-(4-Ethyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yl)piperidino|phenyl-5-nitro-2-furamide (8c);

N2-4-[4-(4-Benzyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yD)piperidino|phenyl-5-nitro-2-furamide (8d);

N2-3-Fluoro-4-[4-(5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yl)piperidino|phenyl-5-nitro-2-furamide (8e);

N2-3-Fluoro-4-[4-(4-methyl-5-0x0-4,5-dihydro-1,3,4-
oxadiazol-2-yl)piperidino]phenyl-5-nitro-2-furamide
(8D);

N2-4-[4-(4-Ethyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yD)piperidino]-3-fluorophenyl-5-nitro-2-furamide (8g);

N2-4-[4-(4-Benzyl-5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-
yD)piperidino]-3-fluorophenyl-5-nitro-2-furamide (8h);

5-[1-(4-[(E)-1-(5-Nitro-2-furyl)methylidene]aminophe-
nyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one
(9a);

3-Methyl-5-[1-(4-[ (E)-1-(5-nitro-2-furyl)methylidene]
aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadia-
zol-2-one (9b);

3-Ethyl-5-[1-(4-[ (E)-1-(5-nitro-2-furyl )methylidene]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (9¢);

3-Benzyl-5-[1-(4-[(E)-1-(5-nitro-2-furyl)methylidene]|
aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadia-
zol-2-one (9d);

5-[1-(2-Fluoro-4-[ (E)-1-(5-nitro-2-furyl)methylidene]
aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadia-
zol-2-one (Ye);

5-[1-(2-Fluoro-4-[ (E)-1-(5-nitro-2-furyl)methylidene]
aminophenyl)-4-piperidyl]|-3-methyl-2,3-dihydro-1,3,
4-oxadiazol-2-one (91);

3-Ethyl-5-[1-(2-fluoro-4-[ (E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-
oxadiazol-2-one (9g);

3-Benzyl-5-[1-(2-fluoro-4-[(E)-1-(5-nitro-2-furyl)meth-
ylidene]aminophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-
oxadiazol-2-one (%h);



US 9,108,960 B2

27

5-[1-(4-[(5-Nitro-2-furyl)methyl]aminophenyl)-4-pip-
eridyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10a);

3-Methyl-5-[ 1-(4-[ (5-nitro-2-furyl)methyl Jaminophe-
nyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one
(10b);

3-Ethyl-5-[1-(4-[ (5-nitro-2-furyl)methyl Jaminophenyl)-
4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10e);

3-Benzyl-5-[ 1-(4-[(5-nitro-2-furyl)methyl]aminophenyl)-
4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10d); 10

5-[1-(2-Fluoro-4-[(5-nitro-2-furyl)methyl |Jaminophenyl)-
4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-one (10e);

5-[1-(2-Fluoro-4-[(5-nitro-2-furyl)methyl |Jaminophenyl)-
4-piperidyl]-3-methyl-2,3-dihydro-1,3,4-oxadiazol-2- 15
one (101);

3-Ethyl-5-[1-(2-fluoro-4-[ (5-nitro-2-furyl)methyl|ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (10g);

3-Benzyl-5-[ 1-(2-fluoro-4-[(5-nitro-2-furyl)methyl]ami-
nophenyl)-4-piperidyl]-2,3-dihydro-1,3,4-oxadiazol-2-
one (10h); or a pharmaceutically acceptable salt thereof.

20

3. The compound of formula A as claimed in claim 1,
wherein said compound is selected from 25

8a
O,N o
O 30
o=~ T
7 \— N
[¢]
8b 35
O,N ) o o
3 < ) T
Va NN
Y 40
8¢
O,N o
O
D00 -
S N/N
o )
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0 O
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10f

O)N F
2.
0 (0]
HN N \
/ N /N\

10g

F
0>N

or a pharmaceutically acceptable salt thereof.

4. A pharmaceutical composition comprising an anti-tu-
berculosis effective amount of compound of formula A as
claimed in claim 1 or a pharmaceutically acceptable salt
thereof.

5. A process of treating Mycobacterium tuberculosis
H37Rv, Mycobacterium tuberculosis RifR, or Mycobacte-
rium tuberculosis XDR-1, infection in a patient comprising
administering a therapeutically effective amount of a com-
pound of formula A as claimed in claim 1, for a period of 3-4
days.

6. A process for the preparation of the compounds of for-
mula A or pharmaceutically acceptable salts thereof as
claimed in claim 1 wherein the said process comprises the
steps of:

i. heating methyl 4-piperidinecarboxylate (2) with com-
pounds of general formula 1(a-b) in dimethylsulphoxide
and in the presence of base selected from K,CO; or
Na,CO, for a period in the range of 8 to 10 h at tempera-
ture ranging between 70 to 80° C. to obtain compound of
general formula 3(a-b)

1(a-b)

0:N F

laX=H,1b X=F

HNC>— COOCH;
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-continued

N\/:>—COOCH3

3aX=H,3bX=F,

3(a-b)
X

0:N

. treating the compounds of formula 3(a-b) as obtained in
step 1. with NH,NH,.H,O in solvent selected from etha-
nol or 2-propanol under refluxing temperature ranging
between 65 to 70° C. for a period in the range of 12 to 24
h to obtain hydrazide of formula 4(a-b).

X
OZNONQCONHNHZ

4aX=H,4bX=F

=

i

4(a-b)

iii. adding N,N-dimethylcarbamylchloride to hydrazide
4(a-b) as obtained in step (ii) in pyridine at temperature
ranging between 25 to 27° C. and followed by refluxing
at temperature ranging between 85t0 90° C. for2to 3 h
to obtain the compounds of general formula 5(a-b).

0 (6]

5aX=H
S5b X=F

5(a-b)

0:N

iv. reading the compound of formula 5(a-b) with halides
selected from alkyl halides or benzyl bromide in N,N-
dimethylformamide (DMF) at a temperature ranging
between 25° C. to 27° C. for a period in the range of 10
to 12 h orin acetone at refluxing temperature in the range
of'65 to 70° C. for 12 to 24 h to obtain the compounds of
general formula 6(a-f).

o 0

R

6(a-9)

0N

X =H,F;
R= CH3, C2H5, CH2C5H5;
6aX =H,R=CHj,;
6b X =H, R =CHs;
6¢c X =H, R = CH,C¢Hs;
6d X =F,R=CHj;
6e X =F,R=CHs;
6f X =F, R =CH,C¢Hs

v. reducing the compound of formula 5(a-b) as obtained in
step iii or 6(a-1) as obtained in step iv by SnCl,.2H,O or
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Fe powder and two drops of conc HCI in methanol at
refluxing temperature in the range of 65 to 70° C. for a
period in the range of 4 to 6 h or Zinc in acetic acid at
room temperature (25to 27° C.) for 4 to Shto obtain the
compound of general formula (7a-h).

0 (6]

R

7(a-h)

H,N

X =H,F; R=H, CH;, C;Hs, CH,C¢Hs;
7aX=H,R=H;

70 X =H,R=CH;z;

7c X =H,R=C,Hs;

7d X =H, R = CH,C¢Hs;
7eX=F,R=H;

7fX=F, R=CHz;

7g X =F,R=CyHs;

7h X =F, R = CH,C¢Hs;

vi. reacting the compound of formula 7(a-h) with 5-nitro2-
furanoic acid, 1-Ethyl-3-(3-dimethylaminopropyl)car-
bodiimide) (EDCI) and Hydroxybenzotriazole (HOBT)
in N,N-dimethylformamide (DMF) at temperature rang-
ing between 25° C. to 27° C. for a period in the range of
3 to 4 h to obtain final compound of general formula
8(a-h).

8(a-h)

X
0 0
n— /}CHY
N~ ~p

X =H,F;
R= H, CH3, C2H5, BH;

vii. reacting the compound (7a-h) with 5-nitro2-furalde-
hyde in the presence of catalytic amount of acid selected
from CH;COOH or H,SO, in solvent selected from
methanol or ethanol at a temperature ranging between 0°
C.10 5° C. foraperiod in the range of 10to 12 h to obtain
the compounds of general formula 9(a-h).

9(a-h)

0N X
2 o o
N N
P~ \N/N\R
X - H, F; R = H, CHj, C,Hs, CH,Cgls;

viii. reducing the compound (9a-h) by reducing agent
selected from sodium cyanoborohydride, or sodium tri-
acetoxyborohydride in the presence of catalytic amount
of CH,COOH in solvent selected from methanol or
ethanol at a temperature ranging between 0 to 5° C. for
a period in the range of 10 to 12 h to obtain the com-
pounds of general formula (10(a-h).
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10(a-h)

X
0,N

0 O

/ o \(

HN N

Yy \N/N\

R
X = H, F; R = H, CH, C,Hs, CH,CeH;

ix. purifying the compounds of formula 8(a-h) to 10(a-h) as
obtained in step vi, vii and viii by column chromatogra-
phy to obtain the compounds of general formula A.

x. converting the compound of general formula A to their

salt.

7. A process as claimed in step (ix) of claim 6, wherein
solvent used are selected from a group consisting of ethyl
acetate, hexane, chloroform or methanol.

8. A process as claimed in claim 6, wherein the pharma-
ceutically acceptable salt of the compound of general formula
A is selected form a group consisting of hydrochloride,
hydrobromide, tartarate, succinate, maleate.

9. A process as claimed in claim 6, wherein the represen-
tative pharmaceutically acceptable salt of the compound of
general formula A comprising:

5

10

15

34
5-(1-(4-(1-((5-nitro-2-furyl)methyl)Jammonio)phenyl)-4-
piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-one chloride
3-methyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl)ammonio)
phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-
one chloride
3-ethyl-5-(1-(4-(1-(5-nitro-2-furyl)methyl)Jammonio)phe-
nyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-one
chloride
3-benzyl-5-(1-(4-(1-((5-nitro-2-furyl)methyl)ammonio)
phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-
one chloride
5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)ammonio)
phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadiazol-2-
one chloride
5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)ammonio)
phenyl)-4-piperidyl)-3-methyl-2,3-dihydro-1,3,4-oxa-
diazol-2-one chloride
3-ethyl-5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)am-
monio)phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxadia-
zol-2-one chloride
3-benzyl-5-(1-(2-fluoro-4-(1-((5-nitro-2-furyl)methyl)
ammonio )phenyl)-4-piperidyl)-2,3-dihydro-1,3,4-oxa-
diazol-2-one chloride.
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